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ABSTRACT
The bead blasting process is widespread in both the automotive and aerospace industry
and is performed in order to improve the fatigue strength of various components. Bead
blasting is a cold plastic forming process during which the surface of the material processed is hit by small, hard particles consisting of steel pellets, bearing balls or glass
beads. It increases the hardness of the outer layer and establishes compression stresses
inside it, which is why this processing is often used to improve fatigue strength. Contrary to other peening methods, bead blasting does not result in a reduction in the
height of the processed surface’s unevenness in most cases. Shot peening changes
the residual tensile stresses into residual compression stresses, thanks to which, the
lifetime of the parts processed is extended and their carrying capacity is increased.
The double shot peening process proposed by the authors consists in a two-stage bead
blasting process. The first stage consists in blasting with round cast steel pellets, pellets cut from wire or cast iron pellets. During the second stage the same samples
underwent glass bead blasting. The tests conducted on the RSA-501 aluminum alloy indicate that as a result of the processing medium’s impact in the form of glass
beads or pellets of different diameter and shape, a permanent plastic deformation of
the material surface occurs. On the basis of the obtained results it is possible to infer
that the choice of parameters of both conventional shot peening and the double shot
peening determine the impact thereof on the material’s mechanical properties. Thanks
to the application of the double shot peening process there is a noticeable decrease in
value of the Ra parameter, by about 40% on average. When analyzing the compressive
stress results it is possible to state that after the first blasting process the value of stress
was increasing when moving deeply into the sample from its surface, while after the
glass bead blasting the value of compressive stress was significantly higher already
near the surface. Double shot peening results in an increase in the value of compressive stresses by 40-50% when compared to conventional blasting.
Keywords: shot peening, double shot peening, surface treatment, residual stresses,
roughness.

INTRODUCTION
Industrial branches like the automotive and aerospace industry put great efforts into reducing production costs together with increasing the strength
properties of components [1, 8]. So the trend is to

replace the heavy parts with some another material
such as light alloys [7, 14]. The problem with these
alloys is their poor mechanical properties. Thus,
there is a need for some enhancement, which could
be accomplished, among other ways, by a surface
treatment technique called shot peening.
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Shot peening results in an increase in the
hardness of the outer layer and establishes compression stresses inside it, which is why this processing is often used to improve fatigue strength
[2, 3, 5, 6, 10]. This process was considered favorable even after a three-stage low cycle bend
test [13]. The compression stresses prevent the
propagation of cracks since they are unable to
spread in a compressed environment [5]. Contrary to other peening methods, shot peening
usually results in an increase in the roughness of
the processed surface [4].
Double shot peening (duplex SP), that is
two-stage shot peening, is an improvement of the
conventional shot peening method. The first stage
takes place according to conventional blasting
methods, while during the second stage the blasting takes place with the use of steel or glass beads
of very small diameter (about 0.1 mm). Conventional shot peening enables compression stresses
to be introduced relatively deep below the surface, while the double shot peening results additionally in an increase in value of these stresses.
This enables fatigue strength to be increased considerably, by about 1.5 times in comparison to a
conventional process [9]. Additionally, double
shot peening results in a smoothing of the surface,
that is, reducing the roughness parameter, which
has a significant impact on the tribologic properties of such a surface.
In this paper there is presented the impact
of applying conventional abrasive blasting processing and double shoot peening on the value
of roughness and the distribution of residual
stresses in the outer layer of the experimental aluminum alloy, the trade name of which is
RSA 501.

EXPERIMENTAL SECTION
Test Material
An experimental aluminum alloy was used in
the tests that goes by the trade name of RSA 501,
which has the following chemical composition:
Al Mg5 Mn1 Sc0.8 Zr0.4 and properties specified
in Table 1.
In total, 8 samples made of RSA 501 aluminum alloy were tested. The samples were
obtained by cutting a rod with a diameter of ϕ
50 mm. Afterwards the samples were ground
using sand paper with an abrasive grade from
250 to 800. The value of the roughness parameter prior to the shot peening process amounted
to Ra = 0.04 µm. The samples were subjected in
sequence to the annealing process at a temperature of 500°C for 4h. Next they were subjected
to abrasive blasting for 24h. After another 24h a
stress measurement was conducted.
Testing Methods
The experiment consisted in conducting shot
peening processing with the use of various peening media. The conventional shot peening was
carried out for four kinds of strengthening media made of various materials and with different
diameters and shapes. For conducting the bead
blasting process the following were used (Tab. 2):
•• round cast steel pellets with a diameter of 0.5
mm (designation according to FEPA standard:
S230), 1.8 mm (S390),
•• pellets cut from wire with a diameter of 1.4 mm,
•• glass beads with a diameter of 0.6-0.8 mm.
Next to pellet type and granulation, another
variable was also the value of pressure applied.

Table 1. Properties of RSA-501 [12]
Mechanical
properties

Alloy

Condition

Typical
composition

Density [gr/cm3]

Thermal Expansion [10-6/K]

Stiffness [Gpa]

Speciffic Stoffness [Gpa/
(g/cc)]

Thermal Conductivity
[W/m.K]

Ultimate Tensile Strenght
[Mpa]

Yield Strenght [Mpa]

Elongation [%]

Hardness [HB]

Fatigue [Mpa]

Fracture toughness

Corrosion resistance

Waldability

Specific Yield Strength [E/p]

Physical properties

RSA501

AE

Al Mg5 Mn1
Sc0,8 Zr0,4
(Scalmalloy)

2,65

23

70

26

140

575

525

12

160

400

35

++++

++++

198,1
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Table 2. Bead blasting process parameters
Type of shot
Steel shot
0,5mm

1

×

2

×

Cut wire steel shot

1,8mm

3

×

4

×

1,4 mm

5

×

6

×

Pressure

Glass microbeads
600-800μm, 3bar, 150mm

Sample
number

3bar

7bar
×

×
×
×
×
×

The distance from the nozzle to the sample was
150 mm. The pellet angle of incidence was constant and was 90˚.
After carrying out a conventional bead blasting process and tests of roughness and stresses,
the samples were subjected to a double shot peening process. The double shot peening process
consisted of a two-stage bead blasting process.

The first stage consists in blasting with round
cast steel pellets or pellets cut from wire. Next
bead blasting using glass beads was carried out
and with the application of the following parameters: pressure - 3 bar, distance from nozzle - 150
mm. The conventional bead blasting process and
double shot peening process were carried out in
a pneumatic injector sand blasting cabin of the
CONTRACOR brand.

Table 3. Parameters of roughness measurement carried out using a Hommel-Etamic T8000 profilometer

Roughness Test Results

Roughness measurement parameters
Scope of measurement

80 μm

Direction of measurement

From left to right

Spacing between points

0.5 μm

Tip radius

0.005 mm

Tip type

T1

Surface roughness was measured using a
Hommel – Etamic T8000 profilometer with EVOVIS 2.0 software and the assumed parameters presented in Table 3 (Filter ISO 4287:ISO 11562).
On all the samples prior to processing the
roughness parameter obtained was Ra = 0.04 µm.
The results within the scope of changes in Ra as

Fig. 1. Values of the Ra parameter for 3 and 7 bar and 150 mm distance from nozzle
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a function of the pressure distance applied and diameter of the medium are presented in the form of
bar graphs in Figures 1-4.
Values of Ra parameter dependent on the
shot peening process parameters
Figure 1 presents the impact of the peening
medium used and the change in nozzle working
pressure on the change in Ra roughness parameter for the conventional peening process. As a
result of the deformation of samples by means
of various blasting agents significantly increased
surface roughness was obtained.
The size of pellets has a significant impact on
the roughness parameter. A tendency for the Ra
roughness parameter to increase together with an
increase in working pressure of the nozzle was
also observed. The lowest Ra roughness value
was obtained for sample 2 (0.5 mm round cast
steel pellets) with a 3-bar application pressure.
In spite of large differences in the size and
shape of pellet (samples 1 and 5) a very similar
value of the Ra parameter is noticeable. It may be
caused by the same development of surface.
Roughness results after glass bead blasting
In order to carry out the double shop peening
process, during the first stage the same processing medium as in case of conventional processing
was used and during the second stage the process-

ing medium applied were glass beads ϕ 0.6-0.8
mm, with the following parameters: a pressure of
3 bar and a distance between the nozzle and the
sample of 150 mm.
The results of Ra parameter measurement
value after the application of the second medium in the form of glass beads are presented on
Figure 2.
What is perfectly visible here is the significant reduction in the value of the roughness parameter after the application of the double shot
peening process (Figure 2). This is owing to the
activity of glass beads, which smooth the surface
processed, resulting in a reduction in roughness.
As a result of application of glass bead blasting
there is a noticeable decrease in the value of the
Ra parameter, by about 40% on average.

RESULTS OF STRESS MEASUREMENTS
In order to obtain the distribution of values
of residual stresses in the upper layer of aluminum alloy modified through bead blasting, local
etching at measurement point was carried out on
the samples. For that purpose a 8818-V3 - PROTO electropolishing machine fitted with a special etching head with constant flow of electrolyte and limitation of the etching area to a circle
with diameter of 5 mm was used. For etching
an electrolyte of perchloric acid was used. The
current and voltage parameters applied, that is,
voltage of 60V and a current of 1A enabled the

Fig. 2. Comparison of Ra parameter values for conventional peening and double shot peening
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obtainment of a maximum etching rate at the
level of 60 micrometers per minute. Down to
the depth of 50 micrometers the material was
etched every 10 micrometers and a measurement of stresses at the etching point was carried
out. Below the depth of 50 micrometers the material was etched every 50 micrometers down to
a depth of 250 micrometers.
The measurements of residual stresses were
carried out using an X-ray method by means of a
PROTO iXRD diffractometer. The test was carried out with the following parameters: Cr lamp,
Kα1, lamp voltage of 20 kV, lamp current of 4
mA, Bragg angle of 156,31˚ (reflections from
the 222 family of planes), applied oscillation in
relation to the beta angle amounting to 3˚, LPA
correction and 2 mm aperture. The location of
the diffraction peaks obtained was approximated
using the Cauchy function. The spring constants
were adopted according to the computer application database: (1/2)S2 = 18,56·10–6 1/MPa and
S1 = 4.79·10–6 1/MPa. The measurement error
is ± 5 MPa.
The maximum value of compression stresses
in the model sample amounted to -68 MPa and
was obtained on the sample surface. The relationship of residual stress values as a function of
distance from the surface for conventional bead
blasting and double shot peening is presented on
Figures 3-8.

Stress results after bead blasting and double
shot peening
A characteristic profile of the relationship of
stresses present as a function of distance from the
surface for every sample tested was noticed and
it is totally different than in the case of the model
sample. According to the test results, the maximum compression stresses are present not on the
sample surface, as in case of the model sample,
but in a certain distance from it. The nature of distribution of residual stresses, as well as their value
and location where maximum stresses occur depend, first and foremost, on the pellet type used.
However, there seems to be no noticeable impact
of the nozzle working pressure on the distribution of stresses. In each of the cases analyzed the
distribution of stresses for a given type of pellet
and processing is very similar and the maximum
differences in distribution do not exceed 30% of
value. The improved zone depth in each of the
cases tested exceeded 250 µm.
The highest values of compression stresses
on the surface after the conventional peening process were obtained for the sample no. 3K (about
-80MPa). Meanwhile, after the application of
double shot peening they were the highest for
sample no. 1D (about -90MPa).
In the case of all the samples subjected to
double shot peening an increase in the value of

Fig. 3. Distribution of compression stresses after conventional peening (K) and double shot peening (D)
for sample no. 1
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Fig. 4. Distribution of compression stresses after conventional peening (K) and double shot peening (D)
for sample no. 2

Fig. 5. Distribution of compression stresses after conventional peening (K) and double shot peening (D)
for sample no. 3

compressive stresses by 40-50% was observed
when compared to conventional bead/shot
blasting. The maximum compression stresses
(about -310 MPa) after the double shot peening
process were obtained when, during the first
stage of processing, 0.5 mm round cast steel
pellets were used at a pressure of 7 bar (sample

6

with number 1D) and 1.4 mm pellets cut from
wire at a pressure of 3 bar (sample no. 6D) at
a depth of 200 µm from the surface and for
the sample that in the first stage was also processed using 0.5 round cast steel pellets, but at
a lower pressure - 3 bar - (sample no. 2D) at a
depth of 150 µm.
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Fig. 6. Distribution of compression stresses after conventional peening (K) and double shot peening (D)
for sample no. 4

Fig. 7. Distribution of compression stresses after conventional peening (K) and double shot peening (D)
for sample no. 5

On Figures 7-8 that present the distribution
of residual stresses for the bead blasting process
employing cut pellets a distinct plastic strengthening of the samples was noticed. It is noticeable
thanks to a characteristic curve of the stress profile at a value of about 25 or 50 µm depending on
the processing parameters adopted.

CONCLUSIONS AND RECOMMENDATIONS
The conventional bead blasting process was
modified by adding one more stage of blasting.
On the samples subjected to double shot peening there is visible significant improvement in the
distribution and values of compression stresses.
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Fig. 8. Distribution of compression stresses after conventional peening (K) and double shot peening (D)
for sample no. 6

When analyzing the residual stress results it is
possible to state that after the first blasting process the value of compression stress acting from
the surface and into the sample was increasing.
The glass bead blasting process resulted in a compressive stress distribution achieving significantly higher values, starting from the sample surface.
Conducting conventional bead blasting at
a higher pressure results in obtaining a higher
value of the roughness parameter. It is noticeable
for every kind of pellets used. The application of
double shot peening resulted in a reduction of the
Ra parameter value by about 40% on average.
Therefore, it might be a good idea to carry out
one more stage with the use of even finer glass beads
or so-called glass powder in order to obtain a roughness parameter similar to the initial one (0.4 µm).
Double shot peening results in an increase
in the value of compressive stresses by 40-50%
when compared to conventional bead/shot blasting. There has not been any noticeable impact of
the nozzle working pressure on the distribution of
stresses. The type of pellets used has the greatest
impact on stress distribution.
The highest values of compression stresses
on the surface were obtained for the conventional
shot blasting process when using round cast steel
pellets with a diameter of 1.8 mm (sample no. 3K,
about -80 MPa). In the case of double shot peening the maximum stress values on the surface

8

were obtained for double shot peening that employed 0.5 mm round cast steel pellets during the
first stage (sample no. 1D, about -90 MPa). The
location and value of maximum residual stresses
is between 100 and 200 µm below the surface,
depending on the type of pellets.
On the basis of the obtained results it is possible to infer that the choice of parameters of
both the conventional shot peening and the double shot peening determine the impact thereof
on the material’s mechanical properties. It has
an impact on, first and foremost, the distribution
of compression stresses in the material that result in the enhancement of its durability and improvement in the condition of its surface (roughness), which may contribute to a deterioration of
strength-related properties.
We would like to thank the Alumetal-Technik
company located in Łódź for performing abrasive
blasting on the samples tested.
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